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Abstract 
In this work, the gas sensing properties of porous hot-wire WO3 (hwWO3) thin films have been investigated. These films were 
deposited on oxidized silicon substrates by heating a tungsten filament in a vacuum chamber. The resistance variations of these 
configurations caused by changes in their environment were monitored. Reversible changes of resistance, of the order of several 
MOhms, were observed in hwWO3 films caused by the presence or upon removal of H2 and without superficial doping of samples 
with noble metals. The magnitude of these changes, related to the sensitivity, was found to depend on hydrogen concentration and 
temperature of measurement. The time needed (response time) for the resistance to drop after H2 exposure was found comparable to 
that needed to recover to its initial value after H2 removal. Response times of the order of a few seconds were measured on hwWO3 
films much shorter than those measured on WO3 samples deposited by chemical vapor deposition. 
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1. Introduction 
The suitability of a material to be used in the fabrication of chemical sensors depends on its ability to 
return its resistance to its initial state upon removal of the cause that induced the change of its properties. 
Many materials have been used up to now for the formation of chemical sensors. Among them are a lot of 
metal oxides like WO3, Ta2O5 and MoO3 [1]. The above oxides and especially the one of tungsten are of 
great interest and have been investigated extensively owning to their promising physical and chemical 
properties [2-3]. With outstanding electrochromic, optochromic and gaschromic properties, tungsten 
oxides have been used to construct flat-SDQHO GLVSOD\V SKRWRHOHFWURFKURPLF µµVPDUW¶¶ZLQGRZV RSWLFDO
modulation devices, write-read-erase optical devices, gas sensors, humidity and temperature sensors, and 
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so forth [2-3]. Many techniques are being used for the fabrication of metal oxides thin films, including 
thermal evaporation [4], chemical vapor deposition [5] and sputtering [6].  
The aim of our research is to examine hot-wire tungsten oxides (hwWO3) thin films as sensory 
materials in chemical sensors. These films are deposited very easily compared to other methods by a 
heated metallic filament under vacuum. This deposition method can be applied for all metallic oxides 
having higher vapor pressure than the corresponding metal. The temperature of filament of our work was 
650o C, lower than other workers (>1100 oC) [7-8]. The deposited oxides are porous [9] and exhibit 
reversible resistance changes stimulated by their environment; render them suitable for gas sensing 
applications. 
2. Experimental 
The hwWO3 thin films were deposited on Si (100) wafers covered by thermal silicon oxide 100 nm 
thick. The chamber pressure was stabilized to 1 Torr with the aid of a pressure-control system. After 
pressure stabilization the filament was heated at 650oC. The deposition time was 30 sec and the thickness 
of the grown films around 60 nm. During deposition the substrate remained at room temperature. For the 
test of the sensing properties, the hwWO3 films were packed in classic dual in-line packages (DIL) using 
the wire bonding technique. Since the wires (made of a gold aluminum alloy) were not adhering on the 
hwWO3 films, a metallization scheme similar to the so-called lift-off was used. On the surface of the 
hwWO3 films a photoresist film was applied by spinning. Then square windows (100ȝm*100ȝm 
separated by 100 ȝm gap) were opened followed by aluminum vacuum evaporation. After lifting off the 
developed photoresist in an ultrasonically agitated acetone bath, the samples were annealed at 320 ȠC in 
forming gas (10% H2 in N2) for 30 min, ensuring the thermal stability of the contacts hwWO3/Al. 
The sensing properties of the samples were tested using a home-made setup consisting of a small 
volume stainless steel chamber and a heater capable of reaching temperatures up to 500 oC, controlled 
with an accuracy of േ1 oC. The gas concentrations were controlled by means of mass flow controllers. 
The sensors were stabilized in synthetic air before their exposure to H2. The resistance changes of the 
sensor were measured with an electrometer connected to a personal computer via a GPIB interface. It 
should be mentioned that the surface of the hwWO3 films was not activated with any catalyst, which is a 
common practice in most metal oxide thin films used for gas sensing. Activation of the surface with gold 
or another catalytic material is expected to further improve the experimental results.  
 
3. Results and Discussion 
Figure 1(a) shows the time evolution of the resistance of a sample, approximately 60 nm thick, at a 
temperature of 300 oC, and for H2 concentrations of 10000, 5000, 3000 and 1000 ppm.   It is observed 
that the resistance decreases significantly, approximately 240 Ȃȍ, in the presence of hydrogen at 
concentration 10000 ppm, 130 Ȃȍ for 5000 ppm, 100 Ȃȍ for 3000 ppm and 40 Ȃȍ for 1000 ppm. The 
fall time (time interval necessary to stabilize at its lowest value) is of the order of 30 to 50 sec, while the 
rise time (time interval necessary to return to its initial value) is of the order of 35-55 sec. These values 
are better compared to others reported [10] possibly due to the high porosity of the hot-wire WO3 thin 
films [9].   
At higher temperatures, 450 oC, the time evolution of the resistance becomes steeper as shown in 
figure 1(b). The same figure indicates a decrease of the initial value of resistance (before the introduction 
of H2) which is due to the insulating character of the film. The fall (9-25 sec) and rise times (15-30 sec) 
are smaller compared to that at 300 ȠC. Although there is not clear explanation of the resistance variation, 
this behavior of the sample resistance in the hydrogen concentrations could be explained as follows. At  
302  Giorgos Papadimitropoulos et al. / Procedia Engineering 25 (2011) 300 – 303
Fig. 1.  Time variation of the film resistance at 300 oC (a, left) and at 450 oC (b, right) for several H2 concentrations. 
 
temperature values from C to 500 oC the surface oxygen atoms of the WO3 film interact with the 
atoms of the hydrogen gas. This results in loosening of the W-O bonds and the release of their electrons 
thus the current increases. In this way we observe a resistance decrease. Upon the hydrogen removal the 
W-O bonds recover and the electrons are re-trapped resulting in resistance increase up to its initial value. 
In literature other mechanisms that refer to polycrystalline metal oxides are presented [11]. According to 
these mechanisms the conduction electrons surpass a potential barrier in order to pass from one crystallite 
to another. This barrier is decreased in the presence of reductive gases.  
More specifically, the mechanism proposed in the literature, to explain resistance variations in metal 
oxides used in gas sensing is based on the depletion of carriers from the grain boundaries of the micro- or 
nano- crystalline materials commonly used. This is a macroscopic model applicable for the case of large 
grains with dimensions (diameter for the case they are spherical) at least equal to twice the corresponding 
Debye length, which usually is of the order of 1,5 ȝm. For the case of nano-crystalline materials the use 
of this model is rather trivial. This is why it was used a more general one (loosening of W-O bonds as 
opposed to complete ionization of bonds as advocated by the grain boundary depletion model).  
Fig. 2.  (a, left) Variation of the sensitivity as a function of the H2 concentration for several temperatures; (b, right) Variation of the 
90% of the fall time with the concentration of hydrogen at temperatures of 450 oC and 350 oC. 
 
The dependence of the sensitivity (which is defined as the ratio of the sensor resistance in air to the 
sensor resistance in hydrogen gas) versus the H2 concentration is shown in figure 2(a). It is observed that 
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there is a linear variation of sensitivity with the hydrogen concentration for all the temperatures. 
Furthermore, we observe that the sensitivity is higher at higher temperature values.  
In figure 2(b) the variation of the 90% of the fall time (time interval necessary for the resistance to 
drop by 90% of its total variation) as a function of the hydrogen concentration at temperatures of 450 ȠC 
and 350 ȠC is shown. It is seen that for all values of H2 concentrations, the film resistance decreases faster 
at higher temperatures. At high hydrogen concentrations it seems that the speed of the resistance decrease 
becomes almost independent of temperature and there is saturation of the fall time evaluation. This is 
probably related to the reduction of the total number of WO3 molecules on the film surface. The above 
values of fall time are significantly smaller compared to that of CVD WO3 thin films (4 to 5 minutes) due 
to the high porosity of the hot-wire WO3 thin films [10]. 
 
 
4. Conclusions 
In this work the sensing capabilities of hwWO3 films were presented. It is shown that these films show 
important changes of their resistance in various concentrations of hydrogen as well as for various 
temperatures of heating. The hwWO3 films presented satisfactory characteristics with regard to their 
response time and magnitude, their stability and repeatability. However, the most important fact is that 
the hwWO3 surface has not been activated with any thin metal catalytic layer. The deposition of such 
layer (usually gold or platinum) is expected to improve further the sensing ability of these films. 
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